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WHAT ARE GOOD OPERATORS AND WHY ARE THEY NEEDED?

Marc E. Clay
MP-6, MS H812

Los Alamos National Laboratory
Los Alamos, NM 8754S

Abstract

Sophisticirtc(.i computer control and automation have
made possitrlr the operation of today’s enormously
complex particle physics facilities. Ycl wiih all of the
versatility (hat this sophisticated technology provides, it
would bcdifficult, if not impossible, forthcsc facililicsto
attain even minimum rquircd operational goals without
the constant supervision anti regular inlcrvcntion of
human operatorr. Furthermore, if operatiorml goals arc w
bc pmhcd to new limits, rhcn human operators with riirc,
esoteric talents and skills, commonly rcfcrrcd to as good
operators, arc required. The need for these operators,
together with a discussion of the qualities associukxl with
good opcmtors, arc the SUbJCCLSof this piyxr.

1. WHAT IS AN OPERATOR’?

Of the five Minitions for (hc word optwtor uppcarirrg
in The American Heritage Dictionary of the
English Ltinpage, two fit within the context of this
ptipcr, The first, “A person who opmttcs a n]cchitnlci~:
dcvicc” rirthcr mundirncly defines the r(x)t funwon of an
ticcclcrtilor opcrittor,” fk second, “A shrewd iif)d
sometimes unscrupulous person who gc(s Whii[ they Wiint
by devious mcarrs” is hclicvcd !?y Milfly 10 lx’ lhu
pri\gMiltiC dcflnili(m of an ikXC!CriMOr opCril[Or, OpCriUorS
wouki no douhl iirguc lhal IhC words unwrupufous ild
rkvious arc u bit strnng. Cf’ilt’ly arid imngina(ivc iUL’much
hcucr (Icscriptors than unscrupukws ml devious; but aside
from those minor dcti~ils, the second (Icfinition, iis
rn(xlificd, aCC(lri~tCly dcscrihw [hc role of i]n act’clcra(or
opcnm)r, namely, 10 continually swivc for whcdulcd
pr(xlucli(m gotils through tiny safe means pr)ssiblu,

Through dc.finitiorr numhcr one, r~ciirlycvcryonc (m
cnrth opcrtims sotnclhing in their Ii fctimc, whether it t~* II
(; CtlIlilI1-lUidC illllolllohik” or u Titwtan.ma(lc pruycr whl’cl,
ilut through m(xlificd dcl’inilion nurnkr [w(), fcw (Iiin
iK’[Ullllyhc rdcrtcd 10 ;1soix*r~W)rs, wilt] many Icwcr still
Iwlonging I() the sclcut $roup known ;IS (I)c a~cclcrutor
opcrul(w,

‘1’() IN un Oiu*l(muor opcramr, 0111”must hilV[! hid
cxkwsivc lruinin~ un(t cxpcricncc in any numhcr of rclolc(l
lcchnicul ficl(ls, l(IcNI y, nnc should huvc sonic L*XIWIlist
in clcclronics, computer, or gcncrnl Crlginccring systcm
opcrlllitm and muintcnnncc, Rcgnrdlrss (d’ lhc disc iplinc,
Ihc cxpcrti,sc IIIUSI provi(lc an mlcquntc knowlrd~c Imsc
qmr which subsequent Nc(’lcrak)r training ml Cxpcricm’c
cm hc built.

Just as important as krrowlcdgc and cxpcricncc arc the
human charirctcrislics that would allow individual
cxpcrtisc to bc utilized to the fullest cxlcnt possihlc.
These characteristics include the ability to rapidly
iLssimilatc Iargc, diverse, and complex systems, as WCII as
the capability to cope with scvcrc physical and mental
stress. Accclcrator opcralors must bc capable of
cxaminirrg the minutcst of details without losing sight of
overall opcriitional objectives. The ability to make swift,
sound decisions based upon a multitude of constantly
changing sensory lllpULS, cxpericncc, and human intuition
is csscntinl. An operator must also bc willing to
conscicnticmsly Iistcn, Icam, question, imd act.

All of these rcquircmcnts constitute the ideal
minimum for irn accelerator opcramr, as a sufficiently
cxpcricnccd individuid equipped with these abili[ics con
adequately meet the minimum schcdulcd objectives of a
Iargc accclcr.rting facility. Bul if minimum availiihlc is (o
bc Lransfonacd inio maximum iillowilt)lc, then i~n even
more select group of irrdividtds, known M good
opcriitors, arc nccdcd.

2, WI 1A’]’IS A WC)!) O}]I;RATOR’!

1( is important (() now lhir( an opcrilior” Ciltl Ix’ mwicc
or irvcritgc and still perform well. t{owcvcr, it novw or
average opcrutol Cilll not rcpcwcdly SOIVC UnUSUill
problems or L’Xll!lld opCrtitioIlill” goillSL T() iK’L’olllpliSh
thrxic, an itccclcriitor opcrittor must hUVC u grcit( (kiil ot
training irnd cxpcricncc in irll phitscs of ilL’cCICriltOr
opcrirtion, us well ilS possess certain intangihlc qUilli[iCS
beyond (hose i~lrctidy mentioned, Tt)c lri~ining itnd
cxpcricncc trrc csscn(ial, twuausc Wiltl(’.ji n strong
lCChniCill t~il.SC,ttlC intmgihlcs W(Ntld hc 11s.lCss. 1),,’ 111{’
inlangihlcs i{r~ Whiit l~iilly s(*piiri\t(! (Iw g(n)d opcramrs
(mm their peers.

Now the rctll trick of [his pupur will IN* (() hricfly
dcscribc the intm)~ildc. [[ would M Virlllillly in)ln)ssihlc

h) pick IW() cquully trilincd individwds IM!’ in~’ slrcct iui(l IMI
uhlc to tt’11, just by looking at IhL*In, WIU) I}il(l III(’
irrtangiblc qunliiivs tmd who had noi, [hw might Ix* uhlc
to glcun this insight thrnugh the ioh inlwvicw pr(rncss or
through some sort of’ i)sy~hologi~ill” tcs[in~. but III(* Imly
ubsolutc WIIY (() gain this kr)owlcd~c is hy MIually
(~hscrving Ihc individual un(lrr vnri[)us ()~wrjslillg
circumsltinccsl AI any rmtc, when intcrvicwirlg, wsting,
or ohscrving, the Ii)lh)wing Inlt un(lrr III(’ urnlm’llil 01”Ilk’
intmgihlv,

Mnny individuals m’ vvry krli)wl(’(lg(~ill~i(i In slx’~ilic
arm 01 olnvwlion hut IIIIV(* (Ii{ 11(’uIIy t’ont(vl(linfl will! IIw



wide range of cxwl tisc required of a good operator. The
ability to gain this cxpcrlisc through a practical
understanding of the breadth of accelerator operations,
rather than an in-depth theoretical knowledge of individual
systems, is generally ncccssary to becoming a good
operator.

All operators must have good concentration and
memory, but good operators should bc able to
coincidentally apply the two when confronted with
operational challenges. Onc should bc able to rccognizc
compl~x pattcms, recall the unusual or insignificant, and
mentally rchcarsc possible actions, all in a potentially
chaolic environment.

Good operators should bc adaptable, ready to act
either spontartcously or dclibcratcly. They should also bc
able 10 acknowledge pcrsonat limitations and bc willing
10 seek the ncccssary assistance or training that would
allow rapid response to current and future prohlcnls or
rcquircmcnts,

‘1’hc above arc but a fcw of the intarrgiblc qualilics
thitt a good operator may possess. Operators do not
necessarily httvc to possess all of the above 10 bc
considered good, and in fact, fcw do, bui they will possess
sornc of thcm, There ar: two intangibles, however, that
an opcrwor” WIUS1have 10 bc considered g(x)d: it finely
balanced combinulion of qualitittivc and liuantitativc
though( proccsscs, and a healthy amount ()[ crcativc,
artistic flair.

Good operators can imalyzc a comprchcnsivc set of
ditla, surround thcmsclvcs with a rnyriitd of sensory
inputs, quitnlify ah ot the in formiuion, and then make
quiilitiitivC dcclsions bitscci upon [)vcriill sit~iiition
rcquircmcnts. With ttw Siimc SCI of dittir id sensory
input, ii g(}()(! opcrittor” is JUSI its Iikcly (() mukc it
quunlilativc dcwision based upon qualilulivc si[uiltion
rcqulrcmcnl%

This sort of thinking is most oflcn USC(1hy go(xi

opcrittors” tit [hc 1.os Alamos hlcson Physics l:i~Cili(y
(1.Ah4Pt:) when oddrcsslng the in!riciicics of tuning (hc
ilC’CCICrN)r for siln UltilllCOUs OpCriltioll of lW(~ or more
distinct pitrticlc h •i~nls, A grcut deal of mochinc IUIIIIIK is
rcquirc(l to cfl’wicntly (Iclivcr [hc I nlA-itv~rii~~ t 1+ l~*iitl]
to its mssociittcd cxl~ritl)cnml-ttrctls, Once this tuning is
COIIIplCIC, [hc 80-100 HA-uvc’tigc 1{- hilll] is dclivcr(’d to
th(* Proton S(or. gC RiIIg (PSK) on thts SWIW rf cycle iis
thC l{+, Sine’c providing ii~~(~t)[i]bk$kUIJI I() IhC PSR i~i~(l
i(s Cxfh’rilllclllilt -ilr(’tis ot’lcn ilpl)~’ilrS 10 require wm)4’
SilL’ri~iCL’of thC t!+ bCUll) tllllc’, U Will (~lh’llllllil dCVCk)pS,
Al what poinl dots OIIC sacril’ice IIN* 11+ mm’? [)(scs dw
I 1+ IUIIIS iK’lUill Iy hilVC 10 IR* S4tcrificd’? (’ilil il R’itSollill ‘1(’
tune bc (Icvclopwl which ct’liciuntly delivers Ix) III Ixwtms II
sch;’duicd intct)sitlt s’? Which urc tlw predominant I’;klors
tIIVOlVCd III thc,xc dccisi(ms’t Whiii if Iow-cmv-py ;xdarit,c(l
11. (1’. I hc;ut) is nlso schcdulc[l [’(w (Icliv:ry’.! ‘1’hc g(xxl
operator” Inusl wt’igh illl (d’ [Iusc In)ssibililics nn(l quickly
K’ilCll S(m)c’ rnlionul (Iclisi (m, TIIC (1(’cisiotl.t)~ilkltlq
protwscs invdkc(l Illtly sc(’n) mystifying, but ~I)(d
opcrulors mud ! hwnsciously IISV thctu on u c(n)tinual
l)tlSiS V’hcn iillcmptiug h) SOIVC (Iill’icull problcn)s or

u(IvUIILX*Iucii it y obJcct ivcs,
I;qwllly ns :ttlpottitt)t IIS IhC (1(’c’isiotl-tl);lkit~~

proc(ws(:s arc lhc tntvho~ls used in cs.ct’uling llmc
dccisioms, II m not utl(omnlon” I’r)r mnn y (Iii I’crcnl

operators to arrive at similar conclusions when pondering
problems or debating objectives. However, fcw arc able
to correct the problcm or reach the objcctivc. Some
mca.wrc of succcss is achicvitblc through the usc of
standard techniques when dealing wilh routine accelerator
operational challenges. But these techniques arc often nol
successful when dealing with the non-routine,
Unlortunatcly, most arc unwilling, or unable, to scc
beyond the standard and visualize Urc abstract.

The aforcr, icnlioncd tuning dilemma is a perfect
cxarnplc of this. Many operators would dccidc to .sacrificc
the H+ tune to provide the PSR with rmsonablc beam and
completely ignore the P- bciim. The PSR butm would
then bc tuned, and bccausc the two problems do not .sccm
to bc simultaneously corrcctablc, the H+ avcritgc beam
intcnsily would bc rcduccd, with any sub.sequent beam
instabilities rccciving only marginal altcntion. The P-
bcarn would then hc tuned tiround lhc other two bcitms
wilh necessarily mcdiocrc results. With ~hc accelerator
tuned in this manner, tiny further machine adjustments
that mighl bc required to correct various problems could
rcsuh in scvcrc tune dcgradatirm of itll operating beams.

The good” opcrittor thrives in jus( this sort 01
opcratiorrtil cnvironmcnl. A go(xi opcri}(or” prohitbl y
would have avoided the above by ch(x)sing n(x L() sacrifice
the H+ tune and bringing on lhc PSR beam in such u
manner that would improve the tune of both l-warns,
ihcrcby providing u satisfactory cnvir(mmcnt for the P-
bcum as WCII. (Jsing an unorthodox iipproii~h [hat miiy
have occurred to thcm only monlcnts before, IIIC problcm
which hitd bcfuddicd so many would slowly begin I()
resolve itself. Through some unusual mcth(xi, the ~oal
previously thought (]r~rCi~Chi~blc,would itppcw fit~miitdc.
Cilll it crcitlivily, artistic flair, it bstrtic[ thinking,
whittcvcr, bu[, for some rcas(m, only tbc gor)d ()~rilt()rs
ilr~ itblc to consistently S,ILTCC(I.

.3.WliY [)0 W]{ Nf{l;t) (;()()1) OPI{RA’I”ORS’!”

(’il~ :1 good” c’otl)l)lltl’r-corl[rol Syslc’111wilh solid
s(]l’twi~rC il:hi($~(’ similar rwults? PCrhiip\ whctl liilkin~
ill)out (Iily-lo-(l. iy, roulinc opcra[ ions” with n) inor prc -
dck’rmincd problcn)s, yCS,il goi)d syskilll nligtll lx’ ilhll’ 10
pCrl’(JIIl th~ Job 011il kVCl Cqliill 10 Ihii( of Ihl’ iiv~’rii~i’
opcmtor, BUt WIIUI SitUilliollS ilS mcnlioncd cilrliCr tom”
Up, only hUlnUllS (’itll K’p(’ilk’dly ilChll’VC rUWllL\,

In rcccnt nlollths, mm’ h pressure tlilS tlcc’n cxmcd by
ItIt) \J. S4 lNpU1’lllNlll ot I!ll(’igy (1X)11) (III its fillllilil’s II)
LX)ll)tlly with Wlliollill ,Sid’1’tyilll(l l’tlvirot)tl)c’tltill Slilll(,lilHIS,

( )11( of (his pressure has (“olllL”il 111’W c~il~’hphrilsct (Ad
Aum(m ,jhIl(Jr, ‘1’IWhUlliilll Iil(’lor is wi(lcl y rc(’ognid by
1X)1{ us i~ kll~ r(’ilsotl Ior insislit]g Ih:Il illl 01 ils i’i~ciliiks
IIK)VC IOWOtd mow Iorl)liil {)i)c$rillions, L isokl)()()k. s[ylt”
opmli(ms IIINIIUUIS, incrrnsc(l hilr(lWilrC ,iil!l’ly SySIClllf,
utl(l so (m, I lummls, wilh tlwir (lt\l)r(*(litlJlt}l(* ill)(l (11’lcll
rrrnlic bChilVior, iUl(l svcnlin~ unwiliiqtncss 10 colll’i)rml
arc S1’1’1111SItk’ m:lin sour(’u 01”c’om’crn bchild olk’rilliollill”
wl’c[y M l’llvirollli)l+lllill Imd)lrnis, [ lllf\)riUIMll\’ly, for
Ihc most part, this is lruc, Ilul ii’ cvcrylhin~ Iw(on)lw
ilUlol)lill C(l$ lotlli)tll( ’rcotllroll(’(1, ,md :It)solulcly
rc~itncnlc(l, III(’I1 Ihr p(nilivd Wspl’ls ()( Ilk’ Illllllilll 1;1(If)l
will bc 10s1,
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Can an operations manual make a decision based
upon cxpcriencc, perception, feeling, and imuition? Will
a state-of-the-art main frame computer with intcll igcnt
front-end hml wire Lwcapable of recognizing lhc cxislcncc
of the fu!urc, and somehow prccivc time and iLs Iimidcss
SCCniUiOS? Can a compulcr acl on iLs own perceptions,
and then spontaneously change iu programming or
memory m adapt to an unforeseen problcm? Do hardware
safety systems exhibit personal pride in facility
achicvcmcnls and then try 10 prove thal no record is
unbreakable? llrcsc arc cxac!ly Lhchuman (actors, along
with countless others, Lhal arc lost as the muchinc
replaces humanity.

Earlier a paradoxical suggestion was made that il
might be possible to replace the average opcrulor with a
machine, but that a machine could not rcplacc humans.
Why humans and not good opera[ors? A very imponani
human factor that can not bc overlooked is lhc abilily of
all people 10 learn, adapt, and improve. Imagine [hc
possibilities if most, or all, of the operators at an
wcclcmuing facility became good operators. No facility
could be upgraded fast cmough to keep up with them.

4. CONCLUS1ON

Do nol for a minute bclicvc tlmt removing computer
control and automation, operations manuals, or hardware
Sijfcty is the point of this paper. On [hc contrary,
irccclcnnors cm not be .wfcly operated without thcm. The
~inl of this paper is 10 make it clear thw nccclcromrs
cirnnot be ofwatcd without people either,

Compu[cr cmmol allows the qwrator 10 rcmolcly
munipuhrtc the thousunds of dcviccs that make up [hc
accclcrntor from a ccnlrul locution. Witioul rcmnlc
computer control, Iitcrully hundreds of people would Ix
nccdcd lo opcraic the mnchinc. A g(xxl control syshm
Mows a rclutivcly small numhcr of cyumrs 10 comml
Ihc machine,

Computer nntomwion, along with tissocititcd
cquipmcnl, rclcascs opcrulors from the triviul, mundimc.
inconvcnicrrt, und often ovcrlnnkcd treks which cnnsti[u[c
a large purt of Uccclcrnlor opcrulions,

Dcsidcs providing the rcliublc docunlcnuuion
ncccssury fnr sufc nccclcrulor opcrntion, opcrnl ions
mimuals cnmc the solid knowledge bust spoken of ciulicr
uml urc thcrcfnrc al.sa imporlant for Ihc dcvcloprncnt 01’
gnod opcrutorsm

I Iwdwwc .safcly syslcms nrc uhsnlutuly cs.scrrtinl for
MI(C opcrtition of twy (ncility, Anything l(lss [htrn
rrdundunt hurdwurc Siifi’ly sysIcms, comhimxl with
opmrtor uctinn, would he unthinkublc,

W i[houl going into nnncccssmy dctui 1, tic IIhovc is u
vwy modcs[ utlcmpl 10 dcmnnstrn[c thu[ opcrutors cnnrrw
olwrtitc uny cornplcx furilily simply by usinx lhcil wils.
Wilhonl the uid of till of Ihc utn)vc, :md much m~)r(’, m)
fut’ilily would hc ,sufcor operuhlc, Ilul IN the uwnputcrs,
hurdwurc, ml docunmntution pcrlonn Ihc Iunclintis Ii)r
whlrh Ihcy were ori~inully inmmlcd, II) (~,r,tis( prl)plc in
Ihcir cfiorts m .sufcly opcrutc Ihusc tvmrnmndy rmnpl(’x
nmchincs, I,cuvc crculivity, urlislry, uchicvcmcnl, und
indcprndcni thou~lu In die humun bcin~s, for [hc.scm’
Ihu fumionti Ior which w(’ W(*IC(~i~inul!y ink’ndrd,
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